, there was an obvious increase of particle pH. Then no significant growth of pH was found when 35 AWC was higher than ~380 μg m -3
aerosol acidity for different time scales, pollution episodes, and air mass directions was calculated. 23
Aerosols in Wuhan were moderate acidic, with pH averaged as 3.30 ± 0.49. The aerosol acidity was 24 higher in July (pH as 2.64 ± 0.31), September (pH as 2.75 ± 0.30) and August (pH as 2.79 ± 0.29), 25 and lower in January (pH as 3.77 ± 0.28) and March (pH as 3.70 ± 0.16). It decreased with the air 26 pollution increasing, with the pH values of 3.07 ± 0.45, 3.63 ± 0.27 and 3.84 ± 0.22 for clean, 27 transition and polluted episodes, respectively. The air masses in Wuhan transported from North 28
China exhibited higher aerosol acidity, with pH averaged as 3.17-3.22. The unique environmental 29 and meteorological conditions (high humidity, annual averaged RH as 0.74 ± 0.13) lead to excess 30 ammonium (on average of 6.06 ± 4.51 μg m , there was an obvious increase of particle pH. Then no significant growth of pH was found when 35 AWC was higher than ~380 μg m The aerosol acidity exhibited spatiotemporal discrepancy, owing to the diversities of source 58 emission and meteorological conditions. Currently, the research of aerosol acidity in China is 59 
Trajectory clustering 170
Backward trajectory analysis by HYSPLIT model (Version 4) was used to explore the influence 171 of air masses originated from different directions on the aerosol acidity of Wuhan. 72 h backward 172 trajectories were calculated for 4 times each day (00:00, 06:00, 12:00 and 18:00), with the starting 173 height at 200 m above ground. The input meteorological data was in 6-h hourly resolution acquired 174 from NOAA/ARL. The trajectories were clustered by the clustering analysis procedure provided in 175 the HYSPLIT user's guide. 176
Results and discussions 177

General characteristic of WSI in Wuhan 178
As listed in Table 1, ), which was consistent with former researches. Total WSI 182 concentrations accounted for 70% of PM2.5 mass concentration on average, also higher in winter 183 and lower in summer. 184
The dominated ions were SO4 2-, NO3
-and NH4 + (SNA), with a proportion up to 91-93% and 185 55-73% in total ions and PM2.5, respectively. The ratios of SNA to PM2.5 in Wuhan were higher than 186 those in urban sites of Beijing (28%) (Zheng et al., 2005) , Chongqing (30%) (He et al., 2012), 187
Shanghai (36%) and Guangzhou (27%) (Yang et al., 2011) . The high relative humidity in Wuhan 188 (annual average as 0.74) may be one of the key factors. SO4 2-production can increase along with 189 RH increasing due to the aerosol hygroscopicity and aqueous phase oxidation (Wang et al., 2016a) . (Table 2 ). The low SNA concentrations in summer were mainly 197 related to the lower nitrate and ammonium formation rate (Table 2) high temperature and strong solar insolation in summer, ammonium preferred to exist in the form 213 of gas phase due to the thermal equilibrium. Strong correlation was found between NO3 -and NH4 ). 260
The ratios of cations to anions were also listed in Figure 3 (c). It could be found that there was 261 no obvious relationship between pH and cations/anions ratios. The annual mean cations/anions ratio 262 was near unity (1.10), reflecting completely neutralized, which was not in accordance with the 263 prediction by thermodynamic models. It might be resulted from the negligence in considering the 264 particle liquid water and dissociation state of individual ion (Guo et al., 2015). Thus, ionic molar 265 ratios could not be the proxy for discussing aerosol acidity. 266 Table 3 compared the aerosol acidity of Wuhan with other cities. Aerosols mostly exhibited 267 acidic around the world. Particle pH in Wuhan was higher than most of the other cities. As discussed 268 above, the specific climate, geography, and emissions may explain it. Besides, aerosol acidity was 269 dynamically changing. The particle pH increased in last decade of Beijing as Table 3 shown, which 270 might be due to the increase of atmospheric NH3 and decreasing of SO2 (Meng et al., 2011; Liu et 271 al., 2013). Detailed discussion about the key impacting factors on aerosol acidity is listed below. 272
Key driving factors for aerosol acidity variation 273
As mentioned above, AWC exerted an important role in aerosol acidity variation. , the dilution effect on aerosol 277 acidity gradually dominated, which offset or even surpass the liquid-phase reaction and formation 278 of secondary inorganic ions, causing the obvious and quick increase of particle pH. The SNA 279 contents exhibited its peak value when the AWC increased to about 380 μg m , along with the 281 increasing of AWC, a slowly increasing and gradually no significant growth of pH was found. also showed that there were no obvious relations between SNA/PM2.5 ratio with pH. It illustrated 310 that the particle acidity or pH could be affected by other components except for inorganics, such as 311 organics whose role in aerosol acidity can not be ignored (Wang et al., 2018) . 312
Except for the AWC, RH and temperature, the excess ammonia or ammonium was also proved 313 to affect aerosol acidity (Liu et al., 2017). Different from southeastern US (Weber et al., 2016 ) 314
where the aerosols usually presented strong acid, the higher pH in this study was also likely related 315
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In Figure 7a , the molar ratio of NH4 + to SO4 2-in Wuhan mainly varied from 2:1 to 6:1, indicating 325 that SO4
2-was completely neutralized and mainly presented in the form of (NH4)2SO4. 
Aerosol acidity transition from clean to polluted periods 356
The visibility less than 5 km, 5-10 km and higher than 10 km were defined as polluted period, 357 transition and clean period, respectively. The averaged visibility in Wuhan for the three episodes 358 (Figure 9 ). From transition to polluted periods, the 366 aerosol pH value increased by 0.21 units, which was less than that from the clean to transition 367 periods (by 0.56 units). However, the increasing amounts of AWC from the transition to polluted 368 periods were higher than those from the clean to transition periods. It further verified that the effect 369 of AWC on aerosol acidity was not linear as mentioned above. 370
The O3 concentrations were the lowest in polluted periods, indicating weak photochemical 371 activity (Wang et al., 2016a) . Moreover, accompanied with high RH, aqueous reaction was the 372 dominated atmospheric reaction in polluted periods, resulting in the increasing of SOR (sulfur 373 oxidation rate), NOR (nitrogen oxidation rate) and AOR (ammonia conversion rate). High pH can 374 the impact of mineral components on aerosol acidity was negligible in Wuhan. 377
A conceptual schematic was proposed as Figure 10 shown, along with the air quality worsened 378 from clean to transition and to polluted situation, the fraction of second inorganic salts in PM2.5, 379
AWC, excess NH4
+ and the pH of fine particles all added. Excess NH4 + and SNA formation showed 380 steady growth from clean-transition-polluted. However, the AWC increase was more significant at 381 higher polluted periods and the temperature decreasing was more obvious at lower polluted periods. 382
The aerosol pH increasing unit from clean to transition episodes were larger than that for the 383 pollution transformation from the transition to polluted episodes. The conceptual model 384 comprehensively explained the role of ambient RH and temperature on the formation of SNA and 385 AWC calculating, and furthermore the pH variation during different pollution periods. 386
Aerosol acidity for different origination of air masses 387
In the study period, there were four main directions for the air masses transported to Wuhan, 388 namely northeast (C1), northwest (C2), south (C3) and west (C4), with the proportion of 24%, 16%, 389 57% and 4%, respectively (Figure 11 ). The aerosol acidity for C1 and C2 air masses were higher 390 than those of C3 and C4, and associated with lower values of AWC and excess NH4 + . The RH in 391 southern China was always higher than those in northern China for each season (Figure 4b ). Air 392 masses from northwest mainly in winter were usually dry and saturated with small amounts of water, 393 resulting in low pH of aerosols. More moisture air from south mainly in summer elevated aerosol 394 pH value. Although there were minor air masses from the west to Wuhan, the pH for C4 was higher, 395 which may be resulted from the higher AWC for C4 (Figure 11 ) with higher RH (Figure 4b ). The 396 amounts of excess NH4 + was in the order as C4 > C3 > C2≈C1, and interestingly, the pH value 397 exhibited the similar rule, which further reflected the effect of excess NH4 + on aerosol acidity in 398
Central China. Cluster analysis in this section highlighted that the current conclusions drawn from 399 the research on aerosol acidity and its role in a typical haze formation event in North China could 400
be not suitable for that in Wuhan, which needs a further detailed and comprehensive study, along 401 with more chemical components investigated. 402
Conclusion 403
This study observed the hourly water-soluble inorganic ions from September 2015 to August 404 The seasonal and monthly aerosol acidity variation and its role in air pollution transition were 406 discussed, and the possible impacting factors were identified. 407
The mass fraction of SNA in total water-soluble inorganic ions and PM2.5 were 92% and 64% 408 on average, respectively. Moderate acidic of fine particles in Wuhan was found, with the average of 409 pH as 3.30. The aerosol acidity was higher in July, August and September and lower in January and 410 pH, and when the temperature was higher than 303 K (about 30 ℃), more acidic aerosols were 420
found. 421
There also was a logarithmic growth of particle pH with total NHx (NH3 + NH4 + ) increasing. 422
Aerosol in Wuhan belonged to the stage of pH rapid growth with ammonia or ammonium increasing. 423
It can be predicted that fine particles pH in Wuhan will continuously increase if the ammonia or 424 ammonium was not controlled effectively, and the increasing extent will be more obvious than that 425 in northern China. Aerosol acidity gradually decreased from clean to transition and to polluted 426 periods. Air masses originated from northeast and northwest directions with lower AWC and excess 427
NH4
+ contributed to the higher acidic aerosol of Wuhan, while air masses from south and west 428 regions exhibited lower aerosol acidity, with more AWC and excess NH4 + carried. 429
This paper firstly analyzed the aerosol pH values with a one-year high time resolution dataset 430 at a megacity with specific location, meteorological and environmental conditions of Central China, 431 which is meaningful for understanding the aerosol acidity and its dominated impacting factors. It 432 also highlights the importance of controlling ammonia in Wuhan in aggravating air pollution, which 433 is helpful for other megacities surrounded by abundant agricultural activities in the world. 
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